In this study, we solve the Klein-Gordon equation with equal scalar and vector qdeformed hyperbolic modified Pöschl-Teller potential. The explicit expressions of bound state spectra and the normalized eigenfunctions for s-wave bound states are obtained analytically. The energy equations and the corresponding wave functions for the special cases of the equally mixed q-deformed hyperbolic modified Pöschl-Teller potential for spinless particle are briefly discussed. 
Introduction
In recent years, there has been increasing interest in finding the analytical solutions of relativistic and non-relativistic quantum mechanical problems. The presence of strong 1 E-Mail: kjoyewumi66@unilorin.edu.ng 2 Department of Physics, University of Stellenbosch, Matieland, PO 1529, Stellenbosch, 7599, South Africa.
fields or high speeds introduces relativistic phenomena that cannot be described using the Schrödinger equation. In relativistic quantum mechanics, the solutions of the KleinGordon and Dirac equations with various physical potential play an important role in nuclear physics and other related areas. The Klein-Gordon equation has also been used to understand the motion of the spin-zero particles in various potentials. We have also considered the special cases of this potential in the Klein-Gordon equation, the bound state energy spectra and the corresponding wave functions of the resulting potentials which include the reflectionless-type potential, q-deformed symmetric hyperbolic 
where E R is the relativistic energy of the system and µ denotes the rest mass of particle.
For spherically symmetric scalar and vector potentials and by putting
where Y m ℓ (θ, φ) is the spherical harmonic function, the radial Klein-Gordon equation for ℓ = 0 is obtained as
We consider the case when the scalar and vector potentials are equal to a q-deformed 
In Figure 1 , we show the radial as well as the deformation dependence of the deformed modified Pöschl-Teller potential. On the graph, blue line is the graph of q = 1; green line is the graph of q = 2; red line is the graph of q = 3; dark line is graph of q = 4; short dash dark line is the graph of q = 5 and long dash dark line is the graph of q = 6.
Using the definitions of the deformed hyperbolic functions (Arai 1991), we have: With equation (4), equation (3) becomes
Introducing the parametersẼ
and by using a new variable y = tanh q (αr), equation (7) becomes
where
We seek for the exact solution of equation (8) via the following ansatz:
with equation (10), equation (8) becomes
By defining the variable y as
then, equation (11) can be rewritten as
Equation (13) 
where 2 F 1 −n, − n + 2k, − n + k + , that is,
On writing equation (14) in terms of the Gegenbauer functions, we have
where N q is the normalization constant to be determined from the normalization condition
The integrand in equation (17) 
.
2 dx = 0, due to the odd parity of the integrand. Then, N q , which is the normalization constant in equation (17) , gives
Therefore, the wave function of the Klein-Gordon equation for the q-deformed hyperbolic modified Pöschl-Teller potential in terms of the Gegenbauer functions is
where N q is as given in equation (20) . The corresponding relativistic bound state energy spectra are obtained from equation (9) as
where k = 
Reflectionless-type potential
On putting q = 1, α = 1 and D = 
where λ is an integer, the wave function and the relativistic bound state energy spectra for the Klein-Gordon equation with equal scalar and vector reflectionless-type potential are respectively obtained as:
and
)!(2k−n−1)! .
q-deformed symmetric hyperbolic Modified Pöschl-Teller potential
Choosing α = 1 and
in equation (4) 
again, the relativistic bound state energy spectra and the wave function for the KleinGordon equation with equal scalar and vector symmetric potential are :
and Ψ qs n (r) = N qs q
where k = (4) becomes
with the following solutions:
PT-Symmetric version of the hyperbolic modified Pöschl-Teller potential
If we substitute D = −Dq c , q = −q c and q c = e 2iαǫ , then, potential in equation (4) 
With these substitutions, it follows that the relativistic bound state energy spectra and the corresponding wave functions are respectively obtained as:
and 
